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f PREFACE

The investigatlon covered in this report was conducted under
authority of the following:

1. Department of Army Project No. 8-75-07-460, "Removal of
CBR Contaminarts from Water."

2. Project 50.4, Desert Rock VII and VIII, United States
Continental Army Command.

A copy of Project Card 8-75-07-460 (formerly 8-75-07-214) is
included as Appendix A.

The period covered by this report is 1 May 1957 to 1 July 1958.

The following personnel were responsible for the acquisition
and presentation of the data:

Test Team:

Harry N. Lowe, Jr., Sanitary Engineer, Project Officer
Don C. Lindsten, General Engineer

raul B. Pruett, Chemical Engineer

William J. Lacy, Radiochemist

‘ M/Sgt Joseph P. Kennedy, Water Supply Specialist

Branch Chief:
Richard P. Schmitt

Department Chief:

Neil K. Dickinson

Appreciation is extended to the Commanding Ceneral, Camp Desert
Rock, for the excellent cooperation received from 21l echelons of
the Command in support of the activities under Project 50.L4, Desert

Rock VII and VIII.

Important contrivutions to these experiments w:re made by Dr.
Richard L. Woodward and Mr. Melvin Crompton, Robert A. Taft Sani-
tary Engineering Center, USPHS, Cincinnati, Ohio; Major Thomas R.
Ostrom, MSC, U. S. Army; and Mr. George Goforth, Office of Civil
and Defense Mobilization, Battle Creek, Michigan. Dr. Woodward's
technical counsel was invaluable in the preparation of the prcoject
plan. Mr. Crompton assisted . -llecting and sizing the contami-
nated samples. Major Ostrom's te:hnical review of the test plan
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and laboreiciy proczdures on behalf of the U. S. Army Surgeon
General was most helpful. Mr. Goforth provided valuable support to
the field orerations including collecting and sizing contaminated
soll samples.

Appreeiation is also extended to Mr. J. C. Ledbetter, Person-
nel Monitoring Section, Health Physics Division, and to Mr. H. A.
Parker, Analytical Chemistry Division, ORNL, for their cooperatlon
and assistance in film badge monitoring and in performing some of
the radiochemical analysis.
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SUMMARY

This report covers field experiments conducted by the Sanitary
Engineering Branch, USAERDL, at Camp Desert Rock, Nevada, to study
the water solubility characteristics of radioactive nuclear bomb
debris and to evaluate a number of procedures for removing such con-
taminants from water. These experiments were accomplished on debris
obtained from shot PRISCILLA under AEC OPERATION PLUMBBOB at the AEC
Nevada Test Site during the rurmer of 1.957. The project was spon-
sored by the United States Continental Army Command as Project EO.E,
Desert Rock VII and VIII. Additional filscal support was furnished
by the Office of Civil and Defense Mobilization, Battle Creek,
Michigan.

The more important results of these experiments are summarized
as follows:

a. The radiocactive debr's resulting from a nuclear detonation
was only sparingly soluble in water. The water soluble component
dissolved quickly, with but 1limited additional roulution taking place
as a result of further agitaticn and contact time. Increasing the
dosage of contaminated soil resulted in a higher concentration of
activity in solution. Leaching the same sample a second time re-
sulted in a solution containing less than one half the activity in
the first leach.

b. The solubility of the radiocactive debris increased as the
pH of the solvent was lowered.

¢. TFiltration through dense filter pads or through bonded
ceramic elements effectively removed suspended radioactive debris
from water. Such filtration followed by demineralization with a
column of mixed bed ion exchange resins removed both suspended and
dissolved contaminants.

d. Coagulation follnwed by flltration wau effective in remov-
ing suspended contaminants from water bLut was re.stively ineffective
in removing the dissolved components of the radioa.tive debris,

e. Lime and lime-soda softening were relatively ineffective
in removing the dissolved components of radioactive debris from
water.

¥. Clay was not effective in removing the dizsolved contami-
nants from water although earlier research had indicated that sig-
ilficant removals of many radioisotopes can be thus achieved.
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& Coagulation followed by filtration fr.ilowed by deminera-
lization by ion exchaunge resins removed all of the contaminants,
suspended and diseolved components alilke.

The report conecludes that:

a. Raedioactive debris resulting from 4 normal nuclear detona-
tion 18 only sparingly soluble in water in the pH range of natural
surface waters.

b. Where effective clarification procedures are used, only
the dissolved radicactive contaminants will he of lmportance +o
those charged wlth responsibility for the safety of potable water
cyetems.

c. To accompllshk coiplete decontamination, nornal water-
trealing (clarification) processes muct be supplemented by distilla
t.lon, lon exchange, or other processes which remov: essentially all
dissolved sollds from water,

a. Thc work ronducted under Project 50.4 has significantly
erxtended the knowledge concerning water contamination resulting from
nuclear bomb debris. However, this work and related studies should
be continued and expanded.
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SOLUBILITY CEARACTERISTICS OF

RADIOACTIVE BOM: DEPRIS IN WATER AND

EVALUATION OF SELECTED DECCNTAMINATION PROCEDURES

I. INTRODUCTION

1. Backgrourd and Previous Investigation. The msaigned re-
sponsibilities of the Corps of Engineers in the field of water sup-

nly and ganitetion distate that u}\nn'ln‘l nongidaration he given to

Py =0 2RDITH/TILL LT AP P AR R 1R SR 3 - S U R0 )4 )

the contamination problems aseocliated with the use of nuclesr weap-
ons. Previou: regearch has been carried gut under Depariment of
Army Projects 8-75-05-008 and 8-75-07-214; both projlects were con-
cerned with the decontamination of water contaminated with radio-
active substunces. Much of the work was agcomplished at the Sani-
tary Engineering Branch Test Station at Oak Ridge, Tennessee, where
auerous deconteminetion stulles were made involving a wide assort-
ment of radioisotopes. For many of the experiments, reactor-
produced mixed fission products were used, representing the most
realistic simulant available for bomb-produced contaminants. 7The
reaults of these experiments are covered in the 8-75-07-008 and
B-75-07-214 reports avallable at the Technical Documents Center,
USAERDL,

Although the results of the experiments and tests at Oak
Ridge have been informative, it has not been possible to evaluate

the results in terms of performance under field conditions. Reactors

produced fissioun products are obtained as soluble lons dlssoclved in
nitric acid. The particulate radiocactive debris resulting from the
use of nuclear weapons 1s characterized by different physical, and
possibly chemieal, properties. Project 50.4 was initisted to verify
and extend data slready collected in the laboratory. In particular,
the objectives of Project 50.4 were to study the sclubility eharacs
teristics of bonb debris in water and to investigate the effective-
ness of selected decontamination procedures in removing these con-
taminants firom weter.

1I. INVESTIGATION

2. Procedure and Equipment. Project 50.4 was conducted at
Camp Desert Rock, TNevada. This camp 1s located adjacent to the

United States Atomic Energy Cormission Nevada Test Site (see Fig. 1).

A1l studies conducted under thie project were performed
with radioactive debris collected from shot PRISCILLA under AEC
operation PLUMBBOB. 5hot PRISCILLA was fired at 0630, 2k June 1957,

PN
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Fig. 1. Camp Desert Rock in relation to the United States
Atomic Energy Cormmission Nevada Test Site and Southern Nevada
(wap extracted from pamphlet Camp Desert Rock, published by
Headquarters Sixth United States Army).

from a suspended belloon on Frenchman Flat at the Nevada Test Site.
Prior to the shot day, collzeting stations were installed as shown
in Fig. 2. A total of ten stations were used, located in a sector
of 135 degrees. At each ztstion, five aluminwi pans were "dug in"
flush with the grouad. Each pan measwred 30 in. wide, 30 in. long,
and 3 in. high. Panrs holding water were installed at two stations;
two pans were installed at gtation 3, and one pan was installed at
station 5. A Z- by L-in. wooden stske, painted yellow, was in-
stallled vertically at each station in order to mark the site. Film
badges were attached to each stake (with tape on the side away from
GZ) to mearure the wamma ray latengity at each location during and
after the detonation.
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One and one-* if to three hours after the firing of shot
PRISCILIA, a radiolog: .al monitoring survey was made by the Rad-Safe
Office, Camp Pesart " uck at each of the ten collection stations.
Duvring the pericd . +to 12 hours after detonation, another radiolog-~
ical survey was ¢ .ducted by project 50.L4 personnel at each of the
ten steticns, £~ ' the film badges were removed to be analyzed at the
Oak Ridge Natic. . Laboratory (ORNL) for integrated dose.

‘ Two aays after the shot, the fallout was collected from
the pans and was sized and a portion of each sample was shipped to
the Tait Sanitary Engineering Center, Cincinnati, Ohio, for analyvsis
and study. Sizing was sccomplished with & special subh-sieve-sizer
developed at the Taft Center. By means of this apparatus, samples
of legs than 5 microns, 5 to 50 microne, and over 50 microns were
obtalned. Results of the work done at the Taft Center will Le re-
ported by United States Public Health Service in a separate report.

Samples of radicactive debris obtained in the vicinity of
ground zero were. used for most of the studies under Project 50.4.
: These studies were made at a laboratory installation adjacent to
; Camp Desert Rock. This installation consisted primarily of a mobile
: chemical laboratory and a mobile radiac laboratory (see Fig. 3).

I

ST Eogrk
Fig. 3. Mobile Radiac Laboratory (on left in rear), Mobile
- Chemical Laboratory (on right in rear), and test personnel
(left to right), Lacy, Lowe, Lindsten, Pruett, and M/Sgt
7 Kennedy.
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All chemical tests and Jar test eixperiments were conducted in the
chemlical laboratory, and all couniing was conducted in the radiac
laboratory. Both laboratories were electrified; power wais furn-
ished by a 10.KW, gasoline-engine-drfiven, eleciric generator mounted
o a li-ton cargo trailer. ¥Figure 4 shows an interior view of the
chemics. laboratory, and Fig. 5 shows er interior view of the radiac
laboratory. Other smell samplos were ~hipped %o ORNL for analysis-
as a8 check on the accuracy of field lf.buramry procedures. A quan-
tity of debris was studied at Fort Brivoir to confirm resulte ob-
tained using the lime-sods process, Film twige monitoring was ac-
compllshed at no coat to this proJjest by the ﬂealﬁh FPhyeics Divi-
‘sion, ORNL. _

The most significant plece of equipment, used for the solu-
bility snd decontamination studies of radisactive debris in water
wag the jar tect apparatus shown in Fig. 6. By means of this appa-
satus, various parameters were studied. For a simple woter leaching
study, a l-gallon bottle was used (sew Fig. 7). Atandard Army "Water
Furification Unit, Hand-Oprrated, Knupsask-Pack, Filter-Pad-Type i/h
GPM" wag uned for ceriain decontamination experiments involving fil-
tration (see Fig. 8),

A commercially available small filter unit was used in
certain other filtration experiments. This unit termed FILTERPURE
is manufactured by the American Katadyn Corporation, Stamrord, Con-
neaticut. The unit consists ecsentially of a silver impregnated
ceramic filter candle contained in a suitaile houclag and equipped
with a Land pump tor forcing water through the candle (see Fig. ).

For a number of the ion exchange experiments, a lamotte
FILTR-ION unit was used. This unit consisls of fon exchauge resine
contelned in a plasiic shell (see Fig. 10). In other experiments,
ion eacvhange resine were used in plastic tubes assembled in the

laloratory,

All counting was done with a Nuclear Chicago Model 162
scaler (Serial No. X-50366) and lead shield. A 2.6 mg/cm® Geiger-
Muller tube was used in the top shelf of the shield; the Geiger-
Muller tube was sensitive to beta eranation, hut quite insensitive
to gamms radiation, During the perind 24 June 1957 to 15 July 1957
inclusive , 8 Tracerlab CN Jbube was u;;ed having a geo;uctx“y of >.6

24 July 1957, inclus '.ve s 8 Nuclear-CLsicago M tube vas used with a
geometry of 3.5 percent. Piguwre 11 is a photograph of the counting
equipment used. Results irrum counting done at ORNL at later dates
vere reported on a 1l0-percent geomet:sy basis, but were recaleculated
on & 5.6- or 3.9-percent geometry besis to permit direct comparison

of data,

o=t
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E2925
Fig. b. Interior vicw of Mobile Chemical lLaboratory used for
Project 50.4,

E202L
Fig. 5. Interior view of Mobile Radiac Laboratory used for
Froject. 50.L4,
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E2566
Fig. 6. Jar test apparatus used for labvoratory-scale water
solubility and decontamination studlec,

E2923
Fig. 7. One-gallon bottle used for water leaching studiles.

it



E2920
Fig. 8. "Water Purification Unit, Hand-"peraied, Knapsack-
Pack, Filter-Pad-Type, 4+ GPM" uzed in certain deconteanination
studies lavolving filtration.

E2663
Fig. 9. Katadyn FILTELPURE filter unit used for removing
suspended materisl from water conteminasted with radioactive
substances.
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E2664
Fig. 10. Lamotte FILTR-ION unit used for laboratory lon ex-
change experiments. ’

E2921
Flg. 11. Counting equipment used for Yroject 50.4., Note
lead shieid on left und Nuclear-Chicago scaler in center {HTL
Rect:\./riter on right used for recording gamma background).
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Fig. 12.

E2922
Exploded view of air filtration unit used to check

lrhoratory area for aliborne radioactive p.rticulates.

Fig. 13.

E2927
1ir filtretion unit installed in louvered shelter.
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Ag an auxiliary item, an rir filtration station was in-
stalled outside one of the barracks in Camp Desers Hock. This unit,
housed in a louvered ghelter; was & Oust Mod=l AD hhG.3 Pilter used
and digstributed by the New York Operations Office, AEC. It operates
on 110-volt, 60-cycle alternating current and is equipped with an
electric timer to permit 15 win on=-45 min off opera*ion. The air
filtration rateé is approximately 50 cfm, An exploded view of the
unit 1is shown iu Fig. 12, and the uait installed in its louvered
shelter is shown in Fig 13. .

Precautionary measures were taken by all personnel to
avold uhnecessary exposure to radioantive materiuls or to radiation
flelda., CLalger.Miliey and ionilzsaticn-wype radiation survey meters
were used to check the Prisclilla ghot area before entry by any mem-
ber of the test “eam. Protective clothing was worn by personnel at
all times when ccilecling bomb; Aebrirc or when entering the area for
any other purpose after detouation. Protective clothing consisted
of cloth coveralln and cap, and rubber shoe covers and gloves. Dur.
ing periods of windy or disty weather, each man wore & Mioe Satety
Appliance respirator to eliminatc the hazard of inhaling rudiosctive
particulatec. Ez1b man carried a gelf-reading 0 to % roentgen dos.
imoter and a film btedge. The erlf.-reaiing dosimeter epabled each
member of the test team to determine instantly his cumulative expo-
sure. Each film badge was ¢nllected at the end of the test perind
and ocubmitted to the Desert Rock Rad-Safe Division for deterwination
uf each individual's total radiation dose.

3. Reanlts. The rediarion readings tohen ot cach falloud
ptation by Desert Rock Rad-Safe persomnel are shown in Table I.

I. Radisation Readiogs at Fallout Stations
After Shot Priscilla
(Measured by Desert Kock Rad.Safe Personnel)

Tabl

©

Stetion Time Rediation Fiux
. (24 June 1957} (mr/hr)
i 0810 5

2 0ALO 33
3 0847 3
4 0853 2
5 0900 20
6 0901& 180
T 10907 10
8 0910 2100
: 0913 75

10 0917 3

NOTE: Friscilla shot time 0630, zh June 1957.




Radiation and other observations tsken by Project 50.4
personnel at each fallout station 10 to 12 hours after detonation
of shot PRISCILLA are shown in Tables II snd III.

Table 1I. Radiation and Other Observations

at Fallout Stations After Shot PRISCILLA

Radi- Condition of Station
Sta- Time ation Film 2 x 4"
tton (24 June Flux Badges Wood
1957) (rr/hr} Remaining Support Pang
1 1715 0.2 5 Upright, charred Intuct
< 1648 15, L Broken of'f, Intact, filled
chzrred with dust and
sage
3 1735 0, g, Broken o€f Intact
I 1745 0.3 5 Upright, no Intact
charring
“ 180k 1k, 1 Upright, charred One pan thrown
10 £t fror
site
(3 1801 300, 5 Upright, charred Intact
7 180 KYON 4 Upright, charced Intact
8 1830 L5, 0 Broken of¥ One pan thrown
forward
¢ 1818 166, 1 Upright Intact
10 1840 0.8 5 Upright Tntrot
NOTE- fPriseilia Shot Time 0630, 2L June 1957

Laboratory seale golubllity and decontamination experiment

data are shown in Appendix B.

Air filtration data are chown :n Table IV.
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Table 1II. Film Badge Data
“Bxpostre Redlation FIlux Tilr Badge* ¥ilm Badge
Time at At Time of Removal Sewnsitive Insensitive
Pemoval of of Film Badge Film Film
F4lu Badge (r/ar) (Cumlstive mr) {Cumilative mr)
10 hr 45 min 0., 8550 -
10 hr 28 min 0.5 >10000 » 20000
11l hr 5 min 20. 210000 » 20000
11 hr 15 min 0.3 1810 -
11 nr 3% min 14, 10000 » 20000
11 >~ 31 min. 300, »10000 19700
1i hr 55 min 370. >10000 » 20000
12 hr 8 min 160, >10000 ' 20000
12 hr .20 min 0.8 k500 -

NOTE: Priscills shot time 0630, 2k June 1957
# Developed and read by personnel of Health Physics Division, ORNL.

Table IV. Air Flltration Data

Filter " Filtration Date  Radicactive
Pad Perlad of Count
Nuzber (1957) Analysis (¢/m/pad)
1 2300, 22 June - Q700, 23 June 2 July 72
2 G700, 23 e - 0700, 24 June 2 July 72
3 0700, 24 June - 1935, 25 June 2 July 37
I 1935, 25 June - 0000, 27 June 2 July 59
5 0900, 27 June - 0800, 12 July 12 -July 3760

13 July 3437
15 July 2912
6 0800, 12 July - 0800, 19 July 19 July 863

NOTE: &hot Schedule During Period 22 June - 19 July 1957:
25 June, 5 July, 15 July, 19 July

Total integrated radistior. dosages received by members of
the test team during the entire period of operations are shown In
Table V.

T A e s e L oA . £ s
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Table V. Radlation Dose Received by Members of Test Team

Name MR Dossge

M/Sgt Joseph Kennedy 265
Willlem J, Lacy 35
Don €, lLindsten 540
Harry N. Lowe, Jr. 370
Peul B, Pruett 175

RADTATION TOLERANCES: 3 R in any consecutive 13-week period.,
SR 1

An analysie of the data in the tgbles end in the Appendix
leads to the following results and cobservations:

a, Contamination levels at Sampling Stations. Contaml-
nation levels at the ten sampling stations were uniformly low, read-
ings at from H + 1,6 hours to H + 2.8 hours ranging from 2 mr/hr to
300 mr/hr, while readings at the same sites at from H + 10.5 hours
to H + 12.5 hours ranged from 0.2 to 450 mr/hr. The higher readings
at the lster time were recorded at gstations dewnwind of ground zern,

b. Activity in Size Fractions. The contaminated soll
was separated into three size fractions -- grester than 50 microns,
from 50 to 5 microns, and less than 5 microns in particle size, T
vas found that the fraction 5 to 50 mlicrons contained more activity
per gram than elther of the other two fractilons; the ratio belng
avproximately 3 to 2.

c. Solubllity a8 a Function of Contact Time, Solubllity
of the active cormponent of the radiocactive debris was found to vary
only alightly with time of contact at constant rate of agitation and
soll dosage. For esample; material in solutiun af'ter one minute of
contact was 77 percent es great es that ir solutiorn after one hour.

A, Solubility as a Function oy Debris Concentration.
Moterisl L g2olukian Increased with each increase in the amount of
conteminated soll in contact with the water between 100 ppin and
100,000 ppm debris by welght, The rate of increase was not, how-
ever, directly proportivnal to the debris concentration. For exam-
ple, 10,000 ppm of debris produced a soilution of 27 c/m/Smli while
10,000 ppm of debris produced a sciution =€ 120 c¢/m/5ml.

e, Solubllity gs a Function of Partlcle Size. The solu-
bility of the actlve component of radiocactlive debris in water varied
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with the particle size of the gross sample. For example, a sample
of debris less than 5 microns in size gave 85 c¢/m/5ml when agitated
in distilled water; whereas an equal welght of debris in the range

5 to 50 microns gave only 30 c¢/m/5ml, Since the 5 to 50 microns
fraction contained spproximately 1.5 times the contemination in the
less than 5 mierons fraction, the solubllity of the radivuctlve com-
ponent of the latter was approximately U4.25 times that of the coarser
fraction. It is recognized that the snlubility of any size fraction

N ‘_.‘~hwﬁﬂW'ﬂJu@.» .‘.._...A,_

Qi AT

is not necessarily dependent upon the slze per se, but upon associ-
ated chavacteristics such as dengity and chemlcal composition,

£, Solubility vy Seriesz Leachking., Serles leaching was
evaluated in experiment 25, A suwmple of debtris was leached with
distilled water. 'The supernatant liquid was decanted, and the re-
sulting sluidge was releached with additional dissilled water., The
first leach gave 52 ¢/m/5ml, and the second leact gave 21 ¢/m/Sml.
It may be assumed that additionel leaching would have shown even
further diminution in soluble material,

¢. Solunhility as a Function of pH. The solubility of
the active component of radicactive debris in water as a function
of pH, low pH giving greater solubility. For exmmple, in cxperiment
10, debris agitated in distilled watosr gave 250 ¢ m/Sm’l at pH 3.2,
whereas agitation at pi 10,4 gave only 0 c/m/5ml,

h. Sclubility in Acid, Hydrochloric acld was found to
be slightly less effective than nitric secid in dissolving debris
obtained near ground zero. Precipitation of 63 to 68 percent of
the dissolved activity was observed as the pH of the acid sclution
was raized from 2.8 to 10.4. This may have been due to the forma-
tion of the insoluble hydroxides of zirconium, niocbium, ytirium,
and the rare esrtas.

1, Solubility by Quiescent Leaching. The solubility of
the active component of radioactive debris in water by quiescent
leaching 1s cssentially independent of time of standing. Results
of the first 5 days of leaching indicated no significant increase
in dissolved rediocactlvity after 1 hour of contact., The dally in-
crease in dissolved materials wag apparently just sufficieuxt to
balance the dally loss through cdecay. Beyond 5 days, an apprecia-
ble drop in dissolved activity was noted, due primarily to radio-
actlive decay, -

J, Preparation of Stock Supply of Contamiuated Water,
The preperaition of a stock supply of water fur experiments 17
through 27 is of interest. A4 toisi of 208 pounds of soil collected
30 yards nortreast of ground zero wus vigorously agitated for 13
hours with 250 geitons of tap water in a 500-gallon tenk. The water
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was then settled, Prior to slurrying, the soll was anplyred for
gross count, giving 13,000 counts per minute per gram, With thre
supermatant reading 107 c/m/5ml (filtered, and at 5.6-percent geom-
etry), a solubility of 1.63 percent was 1ndicated. The supernatant
was submitted to a radiochemical analysis 2% months lates, when,
with the gross count reading 53 c¢/m/5ml at 5.6 percent geometry, the
radioactive component analyzed 43 percent radiocesium, 15 percent
radlostrontium, 24 percent trivalent rare earths, and 18 percent
unidentified isotopes.

' Removal of Radiocollolds. Unaew favorable conditiens
of oh, a8 slenifieant amount of the econteminant was present 1n water
ap radiocolloids, The colloide were filterable through a bilological
filter only., They were effectively removed by coagulstion with
Terric chioride and puiverized limestone foliowed by filtration,

1, Decontamination with Clay. Treatment with clay was
inefTective in removing dissolved activity from waler, lu experi-
ment 22, for example, it was noted that 500 to 1500 ppm Belvolr clay
removed cnly 2 to 10 percent of the aetivily. In thin connection,
it should be noted that the radiomctivity wes obtained in associa-
tion with large amounts of soil. It was not possivle, itherefore, to
contaminate water with thie mixture without, in effect, clay treat-
ing the water ut the same time, The activity in solution was thet
material which was not resdily removed by clay.

m, Decontamination by Coagulation and Filtration. Coagu-
lation and filtration were very erfective in removing F’(AuEﬂded
activity from water, but were relatively ineffactive in removing
dissolved activity from water, Recapitulated data on removing dis-
solved activity are shown in the Table VI.

Teble VI, Removal of Dissolved Activity
by Ccagulation and Filtration

Fxperi- Tontaminated Range of Removal
ment Water Coagulants of Dissolved
Activity (%)
3 Water in pan, station 8 FeClz-CaCOg 16-30
5 I1tch water, Frenchman Flat FeCl3-Ca,C03 8-36
17,18  Supernatant, debris rixed Fef‘13 25-54
\.Hﬂn tap v_.,rgter
17 " W " Alq(SOh)a. )4-25
KaS0),
19 " EeC13«Na2003 13-46
0 " " " FeC13-CaC0 4-29
21 " " " FeCl3- La(oﬁ)n L-16
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n, Decontamination by Filtration Followed by Deminera-
lization. Filtratlon with "Water Purification Unit, Hand-Operated,
Knapoack-Pack, Filter-Ped-Type, £ GPM" (Set No. 1), to remove tur-
vidity, followed by demineralization with mixed bed ion exchange
matericl was an offective method of removing activity from contaml-
nated weter. A 100-percent remcval was demonstrated iu experiment k.

o. Decontamination by the Process Comgulation-Filtraticn-

Ion Exchange. Coagulation, filtration, and demiverslizatlon by ion
exchange, taking place in that order, was an effective method of re-
moving total activity, suspended and dissolved, from contaminated
water. Table VII summarizes data cobtained.

Table VII_  Decontamination by the Process
Coagulation-~Filtration-Jon Exchange

Removal
Exper- Contamineted Procecsy of Totel
iment Water Activity
6 Ditch water, Coagulation 100
Frenchman Flat Filtraticn
Mixed bed ion exchanse
23 Supernatant, debris Coagulation 25
mixed with tap water Filtration
" Ccagulation, 58
Yltration,
Cation lon exchange
" Cougulation 93
Filtration,
Anion ion exchange
» Coagulation 100
Filtration
Mixed bed ilon exchange
" Coagulation, 100

Filtration,

Cation ion exchange
and apion lon exchange
in series

ESC
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p. Decontamination by Softening  Softening was relative-
ly ineffective in remuving dissolved sctivity from weter, sas shown
by the composite resulte in Table VIIL.

Table VIII. Decontaminacion hy Softening

: Range of
Experi- Contaninated Softening Remcval of
ment. Water Unemicals Dissolved

Activity (%)

ol Supernatant, debris Cu(OH)E-—-NaQCO3 20-43
mixed with tap water

30 Supernatant, debris Cu(OH)QuNaQCO3 25- 31
mixed with Shénandouh
River Water

q. Derontamination with Adsorbent Materials. During the
past several year:s, numerous materials were screencd for their abil-
ity to remvve raodionuclides from water. A nmumber of these were
tested In thils series of experiments using contaminated tap water.
The procedure in esach case was to slurry the materisl in the settled
water and then to filter the water through & paper towel. Resulte
were ay chown in Table IX

Table 1X. Decontamination with Adsoroent Materialo

Adsorvent Activity Removed
Material (%)

Steel wool O

Toilet tissue 22

White pine caw duc? 9

Ouk ceaw duct, 11

Coffee groundn 35

Re¢ poil (high in iron) L3

III. DISCUSSION

L, General, The work reported hervein was devoted to a study
of bomt debris from only cne test shot in a serles ¢f iests at the
Nevada Test Site. The nuuber of samples collected and the studies
eonducted consumed the maximea effourt of available persconnel withir
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established funding limitaticns. Essential to the expansion of the
originally proposed military research program was the fiscal support
provided vy the Cfiice of Civil and Defense Mobliization, Battle

Creek, Michigan.

Tae planned work was accomplished, and schedules were
maintained in all cases except where delays were encountered due to
veathier or necesssry security and/or safety requirements. No sig-
nificant difficulty was expeiienced in the uwre of Damp Desert Rock
as a laboratcory site, Argangementec permitting more ready accesu to
Camp Mercury would have been helpful. The program was penalized by
the generally low level of contamination resulting from shot
PRISCILLA and by the unususlly large amount of dust in the test area.
Due o thls dust, it wasg not possible to collect radiocactive debris
except in assoclation with large amounts of soil. The low levels of
contamination gunerally slowed the laboratory work and made it im..
practical to accomplich significant radicchemical analyses in some
instances  However, in splte o1 the difficulties. this study has
glgnificantly extended the knowleds~ concerning water contamination

resulting from nuclear bomb debris

Throughout, thic study and thic report, reference has been
made to bomb debris rather than to fallout. The radicsctivity in
proximity to ground zero ic & composite of mixed ficsion products
and "radicactive Junk" conclsting of scil aend parts of structures
in the tnrget arna that were inpide the zone of significant neutrun
radiation  Much of this material is In the form of relatively large
particles that retwrn to earth rather gquickly. Some fiselon prod-
wets ure not lmmediately formed in the bomb burst and may he found
i wore wbundwace 1o the high level cloud than in the {mmediate ares
ot the target 1In addition, fallout at cousiderable distaoce from
a target ares may ccecur conly days or weeks after a detonation and
will contain o nigher pereenteage of long lived materlials than that
found close Yo growad 2o00 chortly efter Hohour  Partirularly with
regard to water golubllity, the data presented herein should be
eveluated In termc of radioactive debris rather than fallout, al-
though further study may demonstrate that the difference in pracli-
cal terms may not be largs

5. Water-Treatling Processes. A number of the experiments
performed wnder this project were intended mersly to demonsirate in
the t1eld ~ertain water-treating provesses that had been studied at
length in the laboratory. Among these were chemical cosgulation
followed by filtration and fdemineralization using fon exchange
resins. The performance achieved on bomb debris was in general
sgrecment with the expected resulis.
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By coagulation and filtration, one may remscnably expect
to remove egsentially sll suspended matter from water. This uaot
enly applies to radioasctive materimls but to suspended soil parti.-
cles, precipitsted chemicals, and most bacteriae as well. Removal
of essentially all suspended matter ig routinely asccomplished in
many water plants. In several of the experiments reported herein,
it was ncted that radloactive colloids existed under favorable pH
conditions. This, too, 1s not & new experience in water treatment:
# plm?lar provlem exists frequently with the handling of high tur.
bidity waters in regions containing clsys. It should not be ag-
sumed, however, that all suspended radicactive materials would be
removed by ncrmal operation of anv given municipal water t{reatment
plant. Unfortunately, many plants in this courtry do not produce a
polished efflusut  idw) such plants can be made ic produce water
of high eclarity by changes in operaticn and/cr by improved chemical
control. The results of this study emphasize t.ae importance of re-
moving all suspended matter in treating contamineted water since the
majorlity of the rontamlnant remained in muspengion; less thun 2 per-
cent sppeared in colution,

The removal of all mearursble amounts of dissolved (dlonic)
radiocactivity by lon exchange resins was expected. The capubilities
of lon exchange reclns are well documented and have been pruved in
wide uge ir AE( activitles and elsewhere. The effectiveness of any
demineralization procese in removing diccolved radionuclides frow
water is genera..ly proporticnal to the overall removal of dissolved
solidrs. Not deronectrated in this test is that significant removal
of radionuclide: can be achieved under favorable conditions after
the reein capac. by w remwved calcium salis has been exceeded.

6.  LUxper’mental Data. The data collectied under this project
are essentlelly the only technical guildance now avallable concerning
the water solub:lity of bomb debris. It wowld be deslrable 1T Liese
data presented ¢. complete pleture of what one may expect in time of
war, urder all (onditions of weapon types, methods of enployment,
weather, topogriphy and geology. Such is not the cage. This study
must pe conslidered ag only one step toward the desired understanding
o water contam'natlon to be expected in a nuclear war. On the
other hand, it .s escentially that available information be evalu-
ated and used concurrently with efforts to extend basic knowledge
and understanding. For this reason, it appearg desirable tc supple-
ment +his discussion by referring to the laboratory results reported

experience resulting from field work under AFSWP Project Jargle 6.8
(1951.) The sum of all thils experlence is not large; for thils reasun,
a number of the conclusions advanced lat:zr in this discussion snould
be consldered only as tenta’.ive, renuiriag review and revision sas

new data become nvailabic. It is considered quite pirobabie that some
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of the data resulting from this study will teke on new significance
and importence when supplemented by future work thatiprovides enough
additional data to establish a firmer basils for interpretation. Of
importance also is the fact that the skill of the test team and the
cholce of laboratory procedwes improved during this study period.
This had no significant effect on the overall findings, but it is
felt that in this study opportunity has been provided to work out
procedures that will be valuable in gulding and reducing the cost
of future work. For example, in this study suspended matter was
removed by a centrifuge, Whatman S4 and Whatman 42 filter paper and
vy a membrane filter disk. In each case, the goal was to separate
suspended radioactivity from that in soluti-n within the limits of
a definition meaningful to the study at hand. Satisfactory repro-
ducible resulte were more readily achieved with the membrazne filter,
and this should become the standard procedure in future work.

It does not appear practical to attempt to estimate the
maximum ground contamination to be expected during a nuclear war.
Even a low yleld weapon detonated on or lmmediately under the sur-~
face of the ground may result in very heavy contamination in the
immediate area of the target. On the other hand, kiloton range
atomic weapons detonaied at heights exceeding the fire ball radius
do not heavily contaminate the target area. So-called "dirty" weap~
ons in the megaton range have the capability of heavily contaminating
large areas. The important feature is that experience demonstratec
that while the magnitude of ground contsmination may vary cver a
wide range, the use of tactical or strategic nuclear weapcns against
surtace iargots will rogult in meusurable contamination of the
ground in the target areas.

The radiation readings at the collecting stations are
shown in Table I. The radiation flux at these stations was not high
and would have permitted personnel to work in thece areas fcr ex~
tended periods under emergency conditions. The film badge data and
other observations listed in Tables II anda III point up the signifi-~
cance of prompt radiation, thermal radiation, and blast effects as
opposed to the residual radiation zt these stations subsequent to
the shot and the die-out of the fire ball.

a, Experiment 3. Experiment 3 was the first experience
with the large volume of dust that was displaced by the blast and
which indirectly contributed to the failure to develop data of value
ir. this experiment. The very limited amount of sample prevented a
repeat of the experiment. In recovering the sample, all of the dirt
in the collecting pan wes recovered along with the water. This re-
sulted in a sample so turbid that clarification of it by single-ctep
coagulation was not effective. Subsequent observations indicated
that a significant amount of the solids was colloidal in size and
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would not settle out even after long standing. It was estimated
that the dirt collected with the water sample was not less than 25
percent by weight. Since no eaffective flocculation was schieved and
the guspended solids were not effectively removed at any poiat in
the experiment, the data are of no significance. To permit comple-
tion of the calculations, the removal of turbidity ic chown as 100
percent (mssumed) notwithstanding the above noted fact that nothing
approaching thile wasg actually achieved. Observations made during
this initial periocd deiuonstrated conclusively that the general) level
of contamination in the areas of the collecting pans was su low that
little effentive work could be performed with so little radioactiv.
ity and oo muchi assoclated dirt, High winde in the ccveral dave im-
mediately followlag the shot added to the accumulation of dust in
Lhe area,

b. Experimept &, Experiment 4 was an attempt to obtain
at leavt one wet of datae uclug contaminants from the collecting paus.
The data are considered significant. The raw water was filtcred
through s ctandard Corps of Englneers Water Purification Set No. 1
filter pad. Readioactivity passing this filter can be acsumed t¢ be
in solution. The amount paseing was approximately 37.25 nercent, a
figure consistent with later findings using soil from very near
ground zero. In thie experiment using raw tutcr of moderate turbid-
ity, effective couguwlution was achieved. The activity was reduced
42 percent by coasgulation and gettling. Thic 1is not & surprising
performance in light of findingc in other prior research. The indi-
cated removal after centrifuging wac higher than anticipated. As.
ouwnlng Lhat the dternlved gotivity wac 7 o/w/7 wl =ad that all of
the suspended solide were removed, the residual of 0.8 ¢/m/5 ml in-
dicates removal of the diseolved activity by coagulation of 88.5
percent. The radiochemical data indicated a grogs heta redustion
of 60 percent and relatively high peroeiuges of redivuesiun and
radiogtrontium. The levels of radioactivity in the treated water
samplee were so low Lhroughout these experiments that the radiochem-
icul data must be »valuated with extreme caution Radicstrontiunm
contributed 20 percent of the beta activity in the raw water and
slightly more than & percent in the filtrate (dissolved).

o, Experinients 5 through 7. To obtain mure cignificant
leve.s of contamminat.on, it was necessgary at thig point to abandon
the collecting sites and to uce soll from near ground zerc. Due to
cecurity restrictions, collection of this material) was delayed sev-
eral days In the Interim, attention was givei: to a totally unex-
pected source of contamlnated water, a water-filled ditch on the
ctherwise dry lake hed located approximately 1¢%5 yards NE of GZ.
'I'hls water was the remaining portion of the spring run-off and it,
100, later evaporated. A check made before the test shot showed a
gross count of 12 ¢/m/5 ml. This water was exceptionally cleaxr. and
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all or most of this activity wes in solution. Although no radio-
chemical analysis was made, it can be assuned thet the activity
present consisted largely of radiostrontium, radiocesium, and other
longz lived isotopes in tha*t thio contamination could uot have come
from other than shots fired in previous series months or eveu yeass
earlier This was recognized as an interesting aource, ard the
study was continued after shot PRISCILLA. Experiments 5, 6, and 7
were conducted using this diteh water; in Experiment 7, the work
wag accompliched in the field. The important features of there ex.
periences can be summarized a&s follows:

(1} A surfuce wa*er supply in a forwer target area

contnined measurable contamination (12 ¢/m/% ml), and almoot
all of this activity can be ressonshly sssumed to be in solution.

{2) This enme soucce was not grossly contaminated by
chot. PRISCILLA, although 1t wus reiatively close to GZ.  The
activity count wap rdiged Irom the pre-ghot level of 12 o/n/$
mi to 25 ¢/m/5 wl one week after the shot, and the latter
figure included gome fiiteravle contaminant. Heductione by
couguletion and filtration ranged from 8 to Y7 percent. The
addivion of locul clay %o the water did not improve thue

removala,

{(3) Complete removals were achieved by lon excha ge
deminsrolizativi.

() Rmdisesrantdium renped freom 1% 40 B2 parnant of
the regidual sctivity affer treatment,. Thig last.-noted finding
may be clgnificant and chall be congidered at some length later
in thic diccusclon.

d. Experimonts 8 and 9. Experimentc 8 and 9 were devoted
to 4 study of the offecte of agitation on solubility in tap water and
in distilled water For periods longer than 5 minutes, no signifi-
-cant increase in the disgsolved components was demonstrated with e~
spect to either time or the choice between top water and distl'led
water, Of the radioactivity in sclution, the chemical analynis re-
ported in Experimeat 9 showed 28 percent as radiostroniium and oaly
2 percent as radiocesium .

e. Experiment 10. In Experiment 10, the data suggest
that pH over normal ranges has only limited effect on the amount of

zontaminant going into soluticn. As might be enticipatad, rolubil.
1ty increased significantly as the ph was lowersd sufficiently to
remove the MO alkalinity. The radiochemical data showed dissolved
raciostrontium increased with pH while the trivalent rare earthe

decreaszd as the pi was lowered.
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f.  Experiments 11 and 12. An increase in dipsolved
activity with each increase in the concentration of ihe contaminated
scil was expected as demcnstrated in Experiment 1l1. It should be
noted, however, that the Increase in activity was not directly pro-
portional to the soil concentration. A tent to evaluate water leach.
ing produced the results shown in Experiment 12. These data suggest
that water in contact with contasminated soil (as in a pond) may
reach 1t5 maximum load of contaminant in sclution in a relatively
short time and that this will not incrzase with time of conmtact.
Results after 4 and 72 hours of leaching indicate that there was
very little radioactivity in suspensicn in the supernatant. It iz
felt that thils emphacizes that settled water such as might occur in
reservoirs will not normally contain such suspend=d contamineant
after several days of settling and that fleld survey realdings of low
turbjdity waters may be sesuned to represent dissolved materials.
Thic assumpiion would be weakened by the presence of colloldal size
particles or small amounts of turbidity kept in suspension by wave
aztlion or other factors preventirng normal settling. In the cese of
fallout consisting of only very f'ine particles, question might be
ralsed av to whether such particles will settle at all within prac-
tical terms.

7. dereral Results and Findings. The importance of the work
done in Experiment 13 has little bearing on field water supply prob-
lems., It was performed to provide additional information on whieh

Lo evaluate ¢arlier work by these authors and others using reactor-
produced flsnion productc. Some of this earlier work wap done a
nutber of yehre @go under Department of Army ProJjecte 8-75..07-21h

and 87505308 at ORNL. Iu these experiments, fission products
aissolved in acids were added to tanks o1 iap water or local creek
water to provide a contaminated supply. 1n the absence of observa-
tions to the contrary, it was assused that the radionuclides remained
in solution in the contaminated water supply. Results achieved using
chemical ~ragulants, lime softening, and phcsphates were raported in
terms of removal of' contamiuants from golution. Study of these data
revealed two trends concidered to warrant additional thought and
int.erpretation:

Perfarmance ¢f coagulants was erratic with low dosages of
congulants frequently glving better results than higher dosages.
Cougulation with alum and with ferric chloride sometimes produced
better results when u-ed with added- alkalinity than when used alone
even when the dosage of the coagulant was the same and adequsate
natural alkalinity was available for completion of the chemical pre-
cipitation of a good floc.

Removals by lime or lime soda softening processes were not
directly proportional to softening achieved, occasional good removals
being reported when little or no softening was accompiished.
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_ iner results suggested that the activity in the initial
acid anluticr ight have been precipitated in part after it was put
in th¢ higher .H environment of the raw water and that the removals
achleved wer. more related to pH than to the flocculation achieved
in the several processes. Thne resuls shown in Experiment 13 tend
to support thils explanatlon. For exeanple, under the conditions of
the experiment using hydrochloric scid and sodium hydroxide an ap-
Parent removel of more thun 50 peccent was achieved by raising the
pi of the rew water from 6.2 to 10.5. This entire matter is more
indicative of cversight during previous researches than any new
knowledge. Considering the very limited amount of research done
thue far on water decontamination, it is pos¢inle that there may be
areas of previous work that deserve further gstudy ox reappraisal.
The unusually high removal of activity from certaln test waters by
filtration with Corps of Engineers Watesr Flitration Sst No. 1 may
thus be explained. The practical lmportance of pH control in water
decontamination from bomb debris may not be great since the effects
of pH shown in Experiment 10 were not truly cigonificant until the
pH was depressed below 6.0. An example of decontamination by mech.-
anisms ¢ther than coftlening is shown in Experiment 16. In this ex-
periment, some precipitatlion resulted from the addition of lime but
no softening was achieved. This water was high in noncarbonate
hardness and was from the game 2ivch supply used in Experiments 5,
6, and 7. Note that ‘the counti bad increased from 25 ¢/m/% ml to
56 ¢/m/5 mL This was due to concentratiun by evaporation. It 1s
interesting tc compare results achleved in Experiment 16 in which
no softening was acromplished with the results of Experiment. 30 in
which softening was achleved.

Experimente 17 through 30 were devoted to tests of a num-
ver of water-trzating processes to develop date for comparison with
results obtained earlier on reactor-produced fission products im the
laboratory. Of interegt 1is the golubility of the contaminant re-
ported in Experiment 17. The dissolved fraction was 1.03 percent of
the total radiocactivity in the soll sample. This soil sample was
obtained 30 yards from ground zero. Using a diffevent technique,
Robeck, Woodward, and Muschlerl foun the soiubllity of the contami..
nants In this soll t0 be approximately 10 percent. As noted earlier,

the solubility of tne contaminants collected at Station G wa: approx.

inmately 3.25 perce=nt. UNo rational explapation is svallable . ~ the
wide range of indicated solubilities that have been reported in var-
ious studies, except when the soil and comtaminants are fused as in
the case of a low level or surface detonstion. The tables chowing

the deta from these experiments (17 through 30) will be of interest

1. Robeck, G. G., Woocdward, R. L. and Muschler, W. K., A research
Report on U, S, A. F. Project #7801, Robert Taft San Engrg
Center, May 1958.
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to other investlgators, but they offer little need of further dls-
cussion at this time. In general, the reaulits are consistent with
earlier findings in the laboratory including the unexplaired tead-
ency for resulte to vary widely even under carefully controlled
tegt conditions.

The measurement of radiostirontium levels in the soil and
in the water samples was 8 gource of much concern and irritation
throughout this ptudy. The magnitude of the levels reported appears
high by at leagt an order of megnitude. The Nevada Test Site soil
ie high in calcium content, snd other investigators have also re-
ported considerable trouble in mensurement of radiostrontium levels
ay low ag thoge enccuntered in these experiments. In wurk at the
Robert A Taft Sanitary Engineering Center2, it was found uat
strontiun 15 preferentially dissolvwed by a factor of epproximately
5, Although the experime=ts repcrted herein do not support direct
comparison of findiangs, the consistently high radiostrontiwa level
ap compered witn radlocesiws and the trivalent rare earths strongly
cuggest that rediostrontium wasg prefercutially diesolved by a sige
nificant facicr during these temrts. A factor of § or even 50 would
not be large in terms of zbaslule quauvities of slrontium in soiu--
tion, but fracticnsiion mugt be considered in evaluating tolerances
for emergency water supplies, thesge being usually based om ihe gross
level of contaminatiun rather than on the amount of each radiciesotope
present.

In order to reduce toussble terms the findings of this and
other prior stulica, what can be exgrcied on the stomic brttlefield
or at the olte uf a strategic target should be considered. It has
been determined that nucicer weapons will contaiminate “he soil, the
magnitude and extent of the contaullation varying widely with ths
silze and type of weapong and the metheds of cmployment. Ralin water
falling on & contaminated aren will become contatinated. In this
study, 1t was demoncirated that a large portion of the radionuclides
that are water goluble will go into solution relatively rapidly.
This sugueste that a large percentage of the goluble material will
be carried off in the first heavy ra'nfall (or at least in the first
several heavy rainfalls). Of the total radicactivity reaching sur-
face drainage systems in normal runoi'f, 2 small fractiop will be
dipssolved in the water; the larger fraction being present as sus-
pended solidc. Much of the suspended contaminant will be asgociated
with clay and other materials. Some of the contaminunt may exist in
colloidal form  Where effuctive clarification equipment and proze-
dures are available, this sispended material shoulé not present a
significant problem In conventional surface water-treating plante,
wimph&asls mugt be placed on effluent clarity. Control over chemical

. Ibid.
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coagulaticn, fllter rates, and filter backwash cyzles to meet &
maximum effluent turbidity stendard of 0.5 units would seem to be a
reagonable and attainable goal. The presence of ratlicactive coin-
taminants ‘u surface waters will restrict the use cf go-called
emergency water treatment .including the uce of the Lister Bag. It
is encouraging to note that the Water Purification Ecuipmwent, Knap-
sack Pack, l/h QPM, designed for mquad use, is capable or removing
essentially all suspended matter from water. Also of interest is.
the &cmongtration included in this project that ion exchange resins
cen e used by untrained personnel to decontaminate small quantities
of water. The project officer is currently developing a device de.-
signed *o treat and decomtaminate water in quantities adequate to
verve small fullout ghelters.

In fleld water supnlies produced from surface sources by
the Corps of Engineers, the problem will be limited tc the fraction
of the conteminants in solution., The maximum amcunt of dissolved
radioactivity to be experienced under combat conditiona cannot be
calculsted trom existing cata. Of great importance is the field
mobility of engineer water cupply equipment which givec o wide
range of choice with respect to vources. "B”he ontaminunts of sani-
tary importance are, for the \Post port, St 9,90 €137, and Rul
Radioactlve 1lodine, Cel sud Ballt0 may ve of importance in
come inctances. Under the conditiona of ‘his study, from 1.63 to
3.25 percent of the contaminant in the soll was dissolved in the
vater. Unclassifled data resulting from earlier work by USAERDL,
under AFSW Project Jangle 6.8, showed thet less than 0.1 pervent of
the contomioant vas readily diceolved in water. In this instance,
the bo1> debris included considerable fused soll components and was
recovered from nesr ground zero of & surface shot., The level of
radiation at the site wag above 150 Ey/hr st the time of the recovery
and the experiment. In thls instance, the contaminent was slurried
in water and allowed to settle for a short period. The total radig.
activity in the supernatant was approximately 0.5 percent of the
total in the soll sample. Of this amcunt, 15.5 percent was dis~
solved. TFor estimating, 1t appears conservative to assume that 10
rercent of the contaminent in the soil will be water soluble. Since
the fraction in golution in a given sample is not directly related
to the amount in suspersion, it wiil nct be possible to measurs the
total cortamination in a turbid sample and estimate the fraction in
aslutiorn. Water reconscalssance must provide for filtsring & sauple
to permit mEacurement of t' » dissolved contawluant level.

The medical Importance of the dissolved contaminant must
be evaluated in terms of the characteristics of the redionuclides
present, length of tiwe the water must be used, and acceptsble lime
its of human tolerances. It is to be emphasized that tolerances
used in time of war must take into consideration the factor of
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military necessity, and these tolerances will be hlgher than what
18 acceptable in peacetime civilian or military practice. Based un
the available limited data, it does not appear that the dissolved
redioactivity to be encountered under average battlefield uonditions
will exceed an Acceptable level to be tolerated by combat trcops
under conditions of mcbile operaticns offering opportunity for lime
iting the period of use of contaminated water. If this is true, the
vssential protection will be provided by removing all of the sus-
pendea contaminants. This 18 readlly accomylished by routine opera-
tion of standard Corps of Engineers fileld water supply equipment.

To meet the special situation, resort must be made to distilletion,
lon exchange, and other processes which remove all of the dissolved
solide in the water.

Contaminaied rain water entering the soil will normally
come in contact with very large amounts of clay and cther materials
having. some ion exchange or adsorptive capac:ity. Suspended materi-
&lp are r vdinarily flltered out as the water pacses downward to the
water t ple. It seems, therefore; that the protaebility of groess
eontar nation of ground water is not great. For emergency planning,
i+ geems reasonable to assume that ground water obtained from
drilled and cased wells will not quickly become contaminated by
eithur suspended or dissolved radionuclides even in areas of very
heavy surfece contamination. Thils offers a unique solution to the
water supply problem of decp shelters since welle can be developed
within the confines of the shelter, eliminating all requiremeats for
above-ground facilities or underground storage tanks. Oround water
from deep wellg should be considered as the primary solution vherever
powvcible, This applies even when the avallable ground water supply
is #0 limited that contaminated surface water must be uvsed for all
other purposes except drinxing and cgoking. This suggests that a
pationewide survey of exlsting wells and plans for their use in an
emergency would be a productive program tor those responsible for
the civil defense.

Thic 1o not to infer that ground weter will be immunce to
contamination. The literature 1s ecgentially silent in this regard,
but recert studies on the transport of syndets and other domestic
snd industrial waste products by ground water strongly suggest that
ground water would, in time, bear its proportionate burden of the
contaminants falling out on the ground surrace. aAgaln, the problewm
would be that fraction that is water soluble.

8. Puture Studies The ctatements in +the paragraphs immcdiave-
ly preceding are based on limited date and are not confined to the
resgults achieved during this study. While they prov.de¢ an interim
basis ror planning, need exists for continuing effort to expand the
data and to permit reevaluation of the assumptions made. It is clear,
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therefore, that water solubility and related studies must be con-
tinued. Work done under Project 50.4 suggests that further worl can
be achieved in the contaminant wreas of the Nevada Test Site without
any direct relatiomship to vweapons testing programu. Such studies
should provide for tests using soils other than that indigenous t~
the Nevada Test Site and test procedures more closiely approximating
the action of rainfall on contaminated soil. A realistic progras
should include some basic werk lesding to a better understanding of
ground water contamination. In additlon to the Nevada Test Site,
fucilities exist at ORNL and at USAERDL for thz conduct and/or sup.
port of such studles. Further development of laboratory procedures

tailored to meet the requiremente of water analysis 1s also iudicated.

The potential problem of alpha contaminstion of water iz
not discussed elsewhere. Unfissioned bomb material or reactor fuels
could be of impertance, particularly in the event of accldents.
Tolerance of these contaminants 1s extremely low. Review of the
technical literature shows that little lg known concerning these
materials as water contaminants. In view of the dearth of data anf
the ever present possilility of a contanlnating accident even in
pracetime, this provlem demands early attention. Facilities for
conducting the laboratory portion of such studles exist at the AEC
inatallation at Los Alamos, New Mexico; o series of experimente
evaluating Corps uf Engineers water supply equipment and processes
tor removing the plutonium lon from water 1s scheduled for February-
March-April 19%G. :

The conduct of work imder Projest SO I by the USAERDL with
the support and conperation of the United States Continental Army
Command, the Robert A. Taft Sanitary Engineering Center, HEW; ORNL,
AEC; and the Office of Civil and Defence Mobilizaiion pointsc.the way
for additional productive work in this technieal area. All necessary
coordination wae accompliehed by the Project Officer under suthority
granted by the Director, USAERDL. Lirect technical lisisin was main-
tained between the interested agencies, and each contributed support
a5 avaiisvie and sihared in the regults achieved. In viev of the
broad interest existing in the general problem area of radiocactive
contemination, the relativels hizh cost of sesesrch in this area,

&, 4 the cver present need for economy of operations in the Federal
Glo. :nment, this pattern of research ojerations appears to deserve
continuing congideration.

IV, FINDINGS

. Findings. It was fouud that:
i - LN
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a. The radicective Ashriy regulting from & nuclear deto-
naticn was only spesingly scluble in water. The water soluble com-
ponert dissolved quickly, with but limiteld additional solution tak.
ing place ne A result of further agitation and contsot time .’ In-
creasing the dosage of coataminated soil resulted in a higher con-
centration of activity in solution. Leaching the same sample &
cecond time resuwited in a solution containing less than one half
the activity in the first leach.

b. The solutility of the radicactive debrie increased
as the pH of the wvolvent wag lowered.

2. ¥1ltvation through dense Tilter pade ur through bond-
2d coramic eloments effectively removed cngpended redlosotive debris
from witer. Such filtration followed by deminerslizatic. with a
coluwi of mixed bed ion exchange resins removed both suspended and

digsolved contamirante.

d. Cosgulation {ollowed by tiltration was effective in
removing suspended contaminante trom water but was relatively inef-
fective in removing the dissolved componente 5f the railcactive
debric.

e. Lime and lime-poda eoftening were relatively incfliec.
tive in removing the dissolved components of radicactive deoris trom
water

f. Clay was not.effective in removing the dicaclved con-
taminante fiom water although earlier reaearch had iadicated that
slgnificant removals of many radioivotopes can be thup achieved.

g Cusgulation followed by filiration followed Ly de-
mineralization by ilon exchange revins removed all of the contami-

nantys, suspenied and discvolved componente alike.

V. COWCLUSIONS
10. Conclusione The report conzludes that:

8. Radionctive debris resulting from a& normal nuclear
detonation 1g only sparingly coluble in water ir. the pH range of
natural surface waters.

b.  Where effective clarification procedures are used,
cnly the dissolved radioactive contaminants will be of importance
to theose charged with responsibility for the safety cf potable
water systems.

T e A 2 oI i BRI Ao oA 90 it 5




N R, e e e s e o

p——

31

e¢. To accomplish complete decontamination, normal water-
treating (clarification) processes must be supplemented by distilla-
tion, ion exchange, or other processec which remove essentislly all

dissolved solids from water.

" d. The work conducted under Project 50.4 has signifi-
cily extended the knowledge ¢ ncerning water contamination result..
ing from puclear bomb debris. However, this work and related studies

should be continued and expanded.
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APPENDIX A

AUTHORITY

Subproject of project 8-75-07-200

e o

TYPE OF REPORT
R& D PROJECT CARD PRMRESS REPORT 01. SYMBOL
1. PROZECT NITLL 2, SECURITY OF IINIC'—— 3. PROJICY MO, __l
REMOVAL OF CBR CONTAMINANTS FROM WATER y 8-75-07-214
& L} Y ¢, WAPORY DAYS
S%?S,%’é 31 Dec 1957
6. BASIC FIELD ORF SUNJECT 7. le‘.t';lxl:b B‘e;‘:i‘;;:r:t”u:rechniques & TA TICH. O,
’
Water Supply Distribr+ton 30-9
0. COGNIZANT ASENCY 12 CONTRACTON AND/OR LABONATORY CONYRACT/W. 0, NO.
Cof E Engr Res & Dev lab
». DINECTING A8TNCY Infilco, Inc. DA-44-009eng-2903
Engr Res & Dev Div, TO, OCE
0. PEQUILTING ASENCY
OCE
V1. PARTICIPATION A4D/O8 COORDINATION 13. RELATED PROJECTS 17, £8T. CONPLETION DATES
Chemical Corps (P) (Facilities ws, Continulng
(Technical Personnel) prey
(Equipment) TesT
(Project No. 4-75-05-001) oF. TYAL.
L. . n, FIBCAL RETIMAYRS
4. DATE APPROVED
5 Dec 52, by G3USA
15. PRIQRITY 10. HAJOR CATISORY
15, #4PLALLD PRGULLT CABD AND PROICT BTATUS
Supersedes ProJect Card dated 31 Dec 55.
Downgraded Unclassified by CETC 2240/275.

20 SIOUINERINT ANR/OR JUSTIFICATION
There 1s s rrquirepent for determination of the effectiveness of Army field water
purification equipment and processes now ctendard and under development for
removing chemical, biologicel, and radfoactive agents from water to be used for
drinking and other purposes. Thig rcquirement has been established by the threat
of new and more efficient agents and weapons of war,

11 wAIET OF PROJECT AND OMIECTIVE
a. Brief:
(1) Oblactive:
(a) Determipation of the capabilities and limitations of Army field
water supply equipment and water treatment processes now standard
or under development with respect to purifying water containing
chemical, biological, and rad.cactive contaminants, as determined
by the Chemical Corps and other sgencies,
(b) Establishment, where recessary, of new water treatment techniques,
on the basis of coordimated information from Chemical Corps, for
the removel of these contaminants {rom water.
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240 PROJCY CAND
CONTINGATION SHiLT S0.9
F'r'uom Yriu L MCUNITY ue FRGIFT ¢ A FROJCT %O
u | Ha75a07-214
REMOVAL OF CBH CONTAMINANT. FROM WATL: Iy WEPOMT DATE T
Cof £ | 11 Dec 1957

(1

(4

{51

Rlock 2ia centinued

h., Approaciy:

() Hilitary Characteristics:
Thero are no military characteristics spplicable to this project.
Should design changea In equipment be required, the work will be

acconpli~had undar this prolest,

The «tudies and tests to be conducted under thic project with respect to
cudioactive contaminants will be accompliohed under arrangements already
exioting between the Corps nf Euginecru, the Chemical Corps, and the
Atomic Enecgy Commisslon in eoppectlion with ouparseded project
8-75-05.008. Activitles In thio field will :n zovductied by the Corps of
Engtneers dstachmeont at Ok, (Owk Ridgs, Tennsanee, All contamirants
will be procured {rom DRML, erd technical anolstance of ORNL speciaiiutu
vili be nbtained when necessary,

Thiy project will be condurted on ful) give "lold nerviceable equipmont,
The OHNL representative equiprent end procesies will be evaluated using
both mixed fisodon producis aza potentisl AW contamirants. To veduce
the possibility of errors and to demrnstrete assoc'ated problesws, dowages
of contapinants nsed wili be the largest douages expecled under combat
corditinng. Should the date ohow that theze dosages cannot be effec.
tively handled, then the limit of affectiveness of the equipment or
processes will be established, The wame goneral concept will apply to
the gtudies of chewlcal and Liciogical agents., In the «ege of biolo-
gleal agents, the potential hazard involved dictates that sisulated
agents (ron-pathogznic organisms) be wed in sany teats.

All studies and teoty to be conducted using bleologleal and chemical
contamirants will be carefully conrdinated and accomplished with the
partizipation of the Chemical Corpe. AlL contemipants will be furnizhed
by the Chemical Corrar, together with specisl personnel reguired to
safely handle the contsminants end to conduct spreiml anelyses, All
equipment to be tested will be furniched by the Corpe of Engineers.
Teats will he onnducted at Chemicel Corpos inetallations such ey Fort
Detrick, Predarink, Md,; Chemical Coups Mudical laboratories, Army
Chemical Center, Md.; and such other inutalletions ks nay be designatad.
amd at the Engineer Hesearch and Develcpsent Laturstories, as dictated
L5 the requirements of the {ndividuel test.

Where chemical, blologleal, mix? rmdiological ager.ts are being u-.udied,
all rececasary aafety precautions will b uged.

Reporz will be submitied covering each ms or grouping of contaminants
uwied. A firal project repart will pe submitted which will saplagize

the field «pplication of the infornation resulting from tnis project.
Wh!tle tests on the vevermi contaminants mey be carrled out simeltans-
ously, the general order of work will be to econsider rediocactive,
cheinicd1l, and blological agente in turn.
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AD PROMCT CARD .
CORTHIUATION Lal? 0.9
1 *OUECY tiTLs L KUMTY OF PRCMCY 1L PROMLT D
U 18l
REMOVAL. OF CBH CONTEMINANYG FROY WATER 1 , Te::.;.r;.%zi‘*
‘ C of E- 31 Dec 10%7

Bluck 21 montinued
0.

Subtusks:
Tochnigues for bandling chemlicsl and biologieal contanirants and the Alencisl
of vastes must to developeZ. These problems nre not considired traurmount-
sble and will bde resolved Ly qualifled personnal of the Chenlcal Corpe.
Other Inforustion:
(1) Heferenrsa:
gequirement for equipment ard methods for detontaaniomtling "wbos is
contained in the Army Equipment Development fuide, paregreph 217.
(2) Dimcussion: o
{a) The potantisl problems sspociated with chemical, Liclegicsl, and
radintctive contaminants with respect to field vater supplies have
been greatly increamsd in recent years by murked sdvances in the
development of contaminunts and veapons. Corpe of Ingineera Project
Ba75+05-008, "Wahon," provided for & bazic stuiy snd svaluaticn of
the probluss of removing AW and AW contapinants f.oom water. Sige
nifizant data have deen developed under project "wWehoo!. These
data mvey shown that standard rieid water purification equipment
with the wse of additionmal suppliea in the cosgulation phepes of
the weter purification procesc lu effective 4o meetiry minimua
standards establizhed for radicactive contamineiion tulerences in
arinking water, Procedures with respect thereto are being prepmred
at this time, Thias projfect is interded to supersede Project
Bu75«05e(08, "waho:,” but will not duplicate work alrsady Aone
under the former project, 1% 18 expected that the project will
rostlt not only in establishing the capsbilities and limitationa of
equiprent and methods but will provide data to guide personnel
treining procedures. It is to be noted that the military import-
ance of muny potentialily escellent contamimants is reduced by the
1radility ¢f the user to protect friandly forces. 1t fa possible,
thereforw, that the work under tuis project, thrrigh development,
of protective messures with reapect to water, may bring into sharp
‘foous the offensive capabiiities of wgents which today are niot
suitlabiy for combat usze.

{») Agancies intereated in this project, in addition to ihe Corpe of
Engineers, with which lisison will be maintained and which will ba
furnished coples of trhe seports on the project, are the Department
cf the Nary, Department of the Air Force, Chemical Corps, Army
Medical Servive, COMARD.

} Reports resulting fiow work &t ORNL will Ve mmde availmbie to the

Atuwie Cucsgy Comnission.
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